Background. The use of potentially inappropriate medications in older adults can lead to known adverse drug events, but long-term effects are less clear. We therefore conducted a prospective cohort study of older women to determine whether PIM use is associated with risk of functional impairment or low cognitive performance.
H IGH rates of medication consumption among older populations has led to the development of criteria to identify potentially inappropriate medications (PIMs), whose adverse effects can outweigh their therapeutic benefit (1) . Despite growing literature highlighting the risks of PIM use, prevalence remains high in a variety of population settings, with PIMs prescribed to approximately 1 in 4 community-dwelling older adults (2, 3) and to up to 1 in 2 in residential aged care facilities (4) . In addition, PIM use can lead to an increased risk of preventable adverse drug events (1) as well as increased healthcare costs (5) . Of particular concern are the many PIMs that act on the central nervous system, which may lead to cognitive impairment and affect an older adult's ability to perform everyday tasks. Therefore, when possible, it becomes essential to limit the prescription of PIMs in older populations in order to improve their health outcomes and quality of life.
Much research on the functional outcomes of PIM use is based on cross-sectional or case-control data providing limited insight into long-term effects. A few longitudinal studies have shown that PIM use can be associated with specific adverse functional outcomes, including increased risk of falls, mortality, and hospitalization (6, 7) . Fewer studies have investigated the role of PIMs among the oldest old or in those at risk of cognitive decline, with some evidence indicating that individual classes of PIMs, such as anticholinergics and benzodiazepines, may be associated with cognitive impairment (8) (9) (10) . The long-term effects of anticholinergics are of particular interest as they both account for a large portion of PIM use (11, 12) and can have strong acute central effects and sedative properties.
To expand on existing findings, we conducted a longitudinal study in a population of women older than 75 years of age to test the hypothesis that PIM use is associated with increased risk of functional impairment and low cognitive performance. We also aimed to determine whether anticholinergic load in particular is associated with a higher risk of functional impairment and low cognitive performance.
Methods

Study Population
We studied participants enrolled in the Study of Osteoporotic Fractures, a multicenter, prospective study of women older than 65 years at baseline (13) . In brief, 9,704 primarily Caucasian women who were able to walk were recruited using mailing lists at four sites in the United States from 1986 to 1988 (Minneapolis, Minnesota; Portland, Oregon; Baltimore, Maryland; Monongahela Valley, Pennsylvania). From 1997 to 1998, an additional cohort of 662 African American women was recruited. To focus on the population of women older than 75 years of age, we used the visit occurring between 2002 and 2004 as the baseline time point for the present study. Women were followed up for a mean of 4.9 years until the follow-up visit occurring between 2006 and 2008. Of the 4,606 women enrolled at baseline, 1,039 had incomplete medication inventory, 1,227 died, and 911 had incomplete data on cognitive or functional status or were lost to follow-up, resulting in an analytic cohort of 1,429 women. Compared with the other women enrolled at baseline, women in the analytic cohort were more likely to be younger, African American, and physically active, and to have a higher body mass index, drink alcohol more frequently, and less likely to have ever smoked or have comorbidities. This study was approved by an institutional review board (University of California, San Francisco), and written informed consent was obtained from all participants.
Measurements
At baseline, age was calculated and anthropometric measures were recorded. Lifestyle factors and medical history were recorded via questionnaire. Depression and anxiety were measured using the 15-item Geriatric Depression Scale (14) and the Goldberg Anxiety Scale (15), respectively. Baseline cognitive function was measured using the Mini Mental State Examination (MMSE). Sleep quality was measured using the total score on the Pittsburgh Sleep Quality Index (PSQI), a validated 19-item self-administered questionnaire designed to measure sleep quality and disturbances (16) . To conduct medication inventory, women were asked to bring in all prescription and overthe-counter medications taken in the 30 days prior to the baseline visit. Medications were classified using the Iowa Drug Information System coding (17) . A medication was considered a PIM if it was classified as such for older adults with cognitive impairment according to the 2003 Beers criteria (1). These medication classes included barbiturates, anticholinergics, antispasmodics, muscle relaxants, and central nervous system stimulants. In addition, benzodiazepines and sedative-hypnotics were added to this list as earlier literature has indicated these classes of medications can contribute to cognitive impairment in older adults (2, 8) . Medications were categorized into PIM classes using standard references and existing literature (2, 17, 18) . Some medications belonged to more than one category.
We also measured anticholinergic load using the total score on the Anticholinergic Cognitive Burden (ACB) scale (18) . The ACB score assigns a value between 0 and 3 for a given medication. A medication is assigned a 0 if there is no anticholinergic activity, and a 1 if there is possible anticholinergic activity suggested by serum anticholinergic activity or in vitro affinity to muscarinic receptors. For medications with known clinically relevant anticholinergic effects, a 2 or 3 is given, based on the drug's ability to cross the bloodbrain barrier and its association with delirium. The ACB score for each participant was computed by summing these values for each reported medication. The scale was developed through a systematic review by an interdisciplinary panel and validated in subsequent studies (9, 19) .
Outcome Assessment
We assessed cognitive function at follow-up using a battery of seven cognitive tests, including Trails B, Modified Mini Mental State Examination (3MS), California Verbal Learning Test, Second Edition (CVLT-II) short form, Backward Digit Span, and category and verbal fluency. The Trails B test assesses visual attention and information processing speed (20) . The 3MS is designed to measure several cognitive domains, including orientation, registration, attention, recall, and visuospatial ability (21) . The CVLT-II measures several aspects of verbal memory (22) . For the present study, we analyzed CVLT-II scores on immediate and 10-minute delayed recall. Backward Digit Span is a test of working memory and information processing, requiring participants to repeat a series of numbers in the reverse order they were given (23) . Category and verbal fluency measure semantic memory (24) . The test required participants to recite as many words as possible that belonged to the category "vegetable," or began with the letter "F."
Functional impairment was measured by having one or more new impairments in instrumental activities of daily living (IADL) since baseline. IADLs included walking 2-3 blocks on level ground, climbing 10 steps without resting, preparing meals, doing heavy housework, and shopping for groceries or clothes. For each IADL, a "yes" response on a questionnaire (eg, "Do you have any difficulty walking 2 or 3 blocks outside on level ground?") was considered an impairment.
Statistical Analysis
To determine whether any differences existed for baseline characteristics between PIM users and nonusers, we first conducted bivariate analyses using one-way analysis of variance tests for normally distributed variables, Kruskal-Wallis tests for non-normal continuous variables, and chi-square tests for categorical variables. To test the association between PIM use or ACB score and cognitive outcomes, we used both unadjusted and adjusted linear regression models. Similarly, we used both unadjusted and adjusted logistic regression models to evaluate the association between PIM use or ACB score and one or more new IADL impairments. With the exception of 3MS scores, as transformation of non-normal variables did not significantly change results, only models using untransformed variables were reported for purposes of interpretability. To achieve a normal distribution, 3MS scores were transformed by taking the square root of the number of errors on the test. Covariates in the fully adjusted models included demographic characteristics (age, race, education), and those lifestyle factors or comorbidities found to be associated with PIM use (p < .10). Comorbidities were not included individually but collectively adjusted for using a modified Charlson Comorbidity Index (25) (data for some comorbidities in the index were not available). The final models included adjustments for age, race, years of education, smoking (ever/ never), physical activity ("takes walks for exercise"), and a modified Charlson Comorbidity Index. For the cognitive outcomes, baseline Mini Mental State Examination score was also included. Because some of the most frequently reported PIMs were indicated for anxiety, sleep, or depression, which can be associated with cognitive and functional status, we conducted sensitivity analysis by further adjusting for these factors. All analyses were performed using SAS 9.2 software (SAS Institute, Inc., Cary, North Carolina). Table 1 displays baseline characteristics of the 1,429 women in our study. There were 395 PIM users (27.6%), and the mean ± SD ACB score was 1.6 ± 1.9. for the women. PIM users were more likely to exercise less (p = .03) and have increased comorbidities compared with women who did not use PIMs. The most common class of PIMs was anticholinergics (n = 300; 76.0%), followed by antispasmodics (n = 100; 25.3%), benzodiazepines (n = 98; 24.8%), sedative-hypnotics (n = 44; 11.1%), central nervous system stimulants (n = 17; 4.3%), muscle relaxants (n = 10; 2.5%), and barbiturates (n = 9; 2.3%). The most common individual PIMs accounting for more than 90% of all PIM use were diphenhydramine (n = 83; 21.0%), oxybutynin (n = 54; 13.7%), meclizine (n = 40; 10.1%), paroxetine (n = 30; 7.6%), lorazepam (n = 28; 7.1%), codeine (n = 28; 7.1%); amitriptyline (n = 25; 6.3%); tolterodine (n = 23; 5.8%); temazepam (n = 21; 5.3%), alprazolam (n = 20; 5.1%) and chlorpheniramine (n = 20; 5.1%).
Results
Population Characteristics
Use of PIMs
As shown in Figure 1 Table 2 shows that women who used PIMs at baseline generally had poorer performance on cognitive tests at follow-up compared with nonusers. PIM use was significantly associated with a decreased mean number of words recalled in both CVLT-II tests. For immediate recall, the difference in mean ± SE number of words recalled for PIM users relative to nonusers was -0.81 ± 0.33 (p = .02). Adjusting for covariates slightly attenuated the effect, but it remained significant (mean ± SE: -0.72 ± 0.32 words; p = .02). The CVLT-II delayed recall test showed similar results (unadjusted mean ± SE: -0. 38 (Figure 1 ). Similar to PIM use, increased baseline anticholinergic load was generally associated with worse cognitive performance at follow-up, although overall effects were smaller (Table 3) . For the CVLT-II test of immediate recall, each increase in ACB score was significantly associated with a fewer mean number of words recalled (unadjusted mean ± SE: −0.16 ± 0.08 [p = .04]; adjusted mean ± SE: −0.17 ± 0.08 [p = .03]). However, for delayed recall, the association was not significant and the effect size was small. For category fluency, an increase in ACB score was significantly associated with fewer mean number of words recited in unadjusted (mean ± SE: −0.14 ± 0.05; p = .006) and adjusted (mean ± SE: −0.12 ± 0.05; p = .02) models. Results for verbal fluency were similar but did not reach significance (unadjusted mean ± SE: −0.12 ± 0.06 [p =.05]; adjusted mean ± SE: −0.11 ± 0.06 [p = .07]). For Trails B and the 3MS, a higher ACB score was not significantly associated with worse performance on either test. Similar to PIM use, ACB score was not significantly associated with the backward digit span test, and effect sizes were very small. Results were similar after further adjustment for anxiety, sleep, and depression.
Discussion
In a population of women 75 years of age and older at baseline, we found that PIM use was generally associated with worse scores on cognitive tests after 5 years of followup. Results for anticholinergic load were qualitatively similar and showed a smaller effect size. PIM use and increased anticholinergic load were also associated with a higher risk of worse functional impairment at follow-up. After adjusting for demographic variables, lifestyle factors and comorbidities, results largely remained unchanged. These findings are consistent with earlier prospective cohort studies showing that PIM use can not only lead to short-term adverse events (6,7) but also to long-term cognitive (26) and functional adverse outcomes, affecting an older adult's ability to perform everyday tasks and function independently. Earlier studies have also shown that anticholinergic load in particular can worsen future cognitive function (26, 27) . In addition, while many other studies have shown a high prevalence of PIM use among the young old (28, 29) , the present study shows that PIM use remains high even in women into their eighth and ninth decades of life, a population at particularly high risk for cognitive and functional decline.
In our study, the most consistent and significant associations were seen between PIM use or increased anticholinergic load and lower scores in tests of memory function. In addition, performance in category fluency was particularly affected, while differences in verbal fluency were less pronounced, a pattern frequently seen in individuals with mild cognitive impairment (30) and Alzheimer's disease (31) . Moreover, baseline Mini Mental State Examination scores were not significantly different between PIM users and nonusers, suggesting that existing cognitive impairment may not have contributed to group differences at follow-up. Both PIM use and anticholinergic load were significantly associated with having new IADL impairments at follow-up in both unadjusted and adjusted models. It is possible that PIM use can be especially detrimental on IADL because of both peripheral effects, which can directly impair function (1), and central effects impairing the ability to perform even basic activities of daily living (32) .
If PIM use can lead to detrimental effects on cognitive and functional outcomes, strategies to reduce PIM use will need to be implemented. PIM criteria are used extensively in research and increasingly for the regulation and quality assessment of health care. However, an efficient method is needed to apply these criteria in often demanding and busy clinical settings. Recent randomized controlled trials have shown that consultation with a physician familiar with the criteria or computerized warnings can significantly reduce inappropriate prescription in older adults (33, 34) . Other methods to limit the use of PIMs can include improved health education or modified medication warnings. Finally, although caution is needed when deciding whether an older adult should be administered a PIM, a careful balance always needs to be struck, considering the risk-benefit ratio as well as individual characteristics. In certain situations, treatment using PIMs may in fact be the best available option. Regardless, the relatively high rate of PIM use both in this study and other ambulatory populations of older adults (2) suggests that some of the most frequently reported PIMs may still be avoided. For example, diphenhydramine, likely used for insomnia or allergy relief, was the most frequently reported PIM in this cohort. However, alternative treatments may be more appropriate as diphenhydramine use in older adults is consistently considered high-risk (35) with limited data on effectiveness (36) . Similarly, recent studies question the risk-benefit ratio of the second most frequently reported PIM, oxybutynin, and suggest other treatments such as bladder training to treat urinary incontinence (37, 38) . Lastly, several of the most frequently reported PIMs included benzodiazepines. Although once a first-line treatment for anxiety, the latest Beers' criteria now lists all benzodiazepines all potentially inappropriate, and numerous studies consistently show a variety of cognitive and functional adverse effects as well as increased risk of mortality (39) .
Various limitations arise when conducting a longitudinal study in an older population. With high levels of mortality and morbidity, many factors, particularly sleep disorders and psychiatric comorbidities, can be associated with both PIM use and cognitive and/or functional outcomes. It may be difficult to adequately adjust for all these factors, thus leading to residual confounding. Although we found significant associations between PIM use or ACB score and cognitive test scores, the effect size was small. However, both PIM use and ACB score showed considerable variability, which may have attenuated the findings. Additionally, our study consisted of only female participants, making these findings less generalizable to a male population. Gender differences include a higher prevalence of PIM use in older women than in older men, as well as qualitative differences in the classes of PIMs most often used (40, 41) . Because only medications taken within 30 days prior to the baseline visit were recorded, the actual duration of PIM use is not known. Moreover, medications taken outside the 30-day period can be omitted, leading to misclassification and/or underreporting of actual PIM use. Lastly, there may be selection bias from both loss to follow-up and the women without medication inventory at baseline. However, if participants who were not in the analytic cohort throughout the study period were more likely to be PIM users and have more cognitive and functional decline than those who remained, results would most likely be biased toward the null. Strengths of this study include the prospective design, which is not subject to issues such as the recall bias common in retrospective studies or the causal limitations inherent in cross-sectional and casecontrol studies. In addition, many baseline characteristics, including common confounders such as age or education, were not significantly different between groups, suggesting the results may not be strongly affected by confounding. The results of this study provide support to the hypothesis that PIM use can lead to both increased difficulties in everyday functioning and poorer cognitive function compared with nonusers. Even in a population of women into their seventh and eighth decades of life, nearly 1 in 3 were taking at least one PIM. Increased awareness of inappropriate medications is needed among health professionals, caregivers, as well as older adults themselves. Future prospective studies are needed to confirm the long-term cognitive and functional effects of PIM use. 
